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Abstract 

Small samples of BaF2 scintillator have been irradiated in a 

high-energy proton beam with doses of up to 1.3~10' rads. To the 

precision of our measurement there was no effect in the scintillation 

output and only a slight decrease in transmission was observed. 
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1) ;NTRODUCTION 

There is a growing lntercst in riidiation hardness of m&Ltrials 

to be used as sensitive detecting media in presently constructed 

detecLors, and for future machines such as LEP, SLC, HERA, SSC, etc. 

Recently, results of new studies On radiation damage of materials 

such as scintillating giass (11, silicon mlcrostrip detectcrs(2), ,nd 

Sismuth germanate iBC0) (3-71, nave appeared. Such studies are in 

progress on radiation resistant cerlu71 0x1(11; (Cl-0 ) 
L 3 

scintillating 

fibers (8) as Well. There 1s also a COntinOus, though uncorrelated, 

-cLivlty in underSt3ndlng and solving riaiatlon inaucsd hgtlng - 

effects in gaseous detectors. 

Our inttl‘esL in BaF2 is due LO its unique propertizs which have 

been studied over the last few years (g-11). It has two emission 

spectra. The SLOW component has a decay constant of %?Ons ad pchks 

at 31onm. The fast scintillation component has a decay constant of 

only 0.0 ns, peaking at 220 rim. which can be detected wirh h 

photosensitive wire chamber (12-l 6). Recently, thrre has been a 

successful operation of a Lest B&F2 electronagnetlc chlorlwter (16) 

and a tentative proposal & a forward calorimeter for the SSC (17). 
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2) EVALj‘ATI3ti JF THE aaF2 SA:IPLES 

Three disc-shdped BdF2 crysuis produced by Harshaw (17) were 

irradiated with 800 GeV/c protons in the Neutrino East beam line at 

Fernilab awing June, 1984. Crysciis numbers 1 and 2 were 38 mm in 

aamtrer ana 4 mm Chick. They accumul&ted radiation doses of i.4~10’ 

and 5.6X10’ Rads. rtspectlveiy. The th:rd cryst&l, 22 mm In diameter 

and 6 am thick, absorbed d local ao~e of 1.3~10’ Rads.This was 

achieved by p&wing 1.7xTa’* prot.ons through a i rm x 6 mm spot. TX 

total 1ntegratta beam lntefisity, and the position of the irradiated 

spot on Lne CFyStaLS, “W-l; mon1torea bY means of inducca 

radioactivity in copper activation foils, and by beam monitors. In 

the case of tnt third crystal) tne beam-spot W&S of h slightly 

elongated snape, bnd off center by about 6 mm. 

atG3use no tl'aces of &ny color crntt;rs ‘were seen in the CI-yStal 

itself, and because of the primary impOrtanCe Of the 1OCaliZatiOn Of 

ihe lrradlated rtg1on In ihe crystai, h scan of tt1t lnauced 

radioactivity in the crystal was performed. The crystal was coupled 

to in RCA cjlooo:“i ‘-Inch photomultiplier. TfE colncldence rate 

btiuee” this scintlilnLor and a second YaF2 scintlilator, coupled to 

an l/Z-Inch Hamamatsu R2076 photomultipiier. was measured in the 

geometry of Fig. i. By scanning the irradiattid crystdl througn the 

2.5 rmn diameter collimator hole, the induced radioactivity could be 

monitored as a function of position. Figure 2 shows tht result of 

the radioactivity scan along the axis marked with a line in the Fig. 
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1. ThlS nedsurentnt conflrrxa th6 axurdcy in the zwam-spot 

localization by activation foils. 

Frcm a gamma spactronetry analysis using a Ge(Li) detecror, it 

was found that after 4 weeks most of the radioacLivity was due to 

Cs-136 bna S-131 isotopes, ac about 200 nanocuries each (19). SlX 

montns Later, the mair; r,eslduai activity WYS due to Cs-134 C-5 nCi). 

Two of the three irraoisted cryStal3, numbers 2 and 3, were 

checKea for r'hdidtion effects. The response of each crystdl to the 

excitar,ion by a collimated beam of 511 keV annihilation gmma rays 

(from Na-22 source) was studied. The sams coinciatnce geometry of 

Fig. 1 was used. The fast component and total light output from the 

CrysLhl wzr5 mebsured slmultaneousiy. After 3pllLting ‘he 

photomultiplier signal in a linear fanout, two integrating CAMAC 

ADC's :i.ere used: a LtCl‘oy 2244A and a LeCroy 2243rl 'were used for rhe 

fast and totai iight output, respectively. The time gates to these 

ADC's 'were app11ta using the output of the second scin~illator in 

coincidence with tne irradiated crystal. In this jiay a cut against 

background (nalnly duk to the inducea r~&Iioactivity in I.he crystai) 

WdS obtainra. The ZZL.tS were of 40 ns bnd 2.5 ,B width, 

respectively, with the start of the short gate advanced by 30 ns 30 

thaL only the fast component was Includea. 



In order LO facilitate a precise mtasurement of tne changes In 

the output of tne fast component, the 511 keV photopear. events of the 

pulse-height spectrum were sslectrd. This was achieved by -IcceptLng 

only the fast component signals that correspond to the photopeak 

events from the total light. OuLput. The result of this proceaurt i3 

shown in Fig. 3. The measured pulse-height spectra of the total 

ligh'c output nnd of just the fast component are presented in flgurts 

3A and 3C, respectively. Figure 30 shows the spectrum of fast 

component events hnich correspond to went3 In tne 511 :xeV photo?edK 

In the total light spectrum (Fig. 3B). There was only d small 

effect fauna on the width of the fast component photopeak spectrum 

when changing the width of the energy window on the total light 

output. 

The light oufput was optlmlzea by taping the 2rysta1.5 wit* 

Leflon tape and then by "sing an optical coupling fluid (General 

Electric V1scosil 600,000 silicon fluldj. Teflon tip alone 

increased the amount cf collected light for the fast (total) 

component by a factor of 2.4 (1.9;. The final improventnt factor was 

4.0 (3.2) with tne addition of optical coupling, as compared LO the 

"bare:" crystal SituatlOn. 

Aftc;r tills optlmizacion, tne mean number of pnotoeLectrons In 

the fast component was measured to be about 75 in the 511 keV 

photopeak. This result is in zgrerment with tile estl.m.3L.e of '30 

pnotoelectrons obtained oy #ong, et al (ioj, and is consistent with 
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the energy resolution of 24-25 % C’nFiil ze&zured by us (Fig. 3D). 

Laval. et al (9) obtained about 200 electrons/5ll keV in the fast 

CGIliponent ( but they useo precisely pollshea crystals of hign purl~y, 

Coatad with AiS, 
L 3 

ref lactlng powder. On the other hanc, rie fcund 

that the photoelectron yield of the fast component is equal to about 

2074 of the total light yirla in agreement rich Laval. et al, while 

Wang, et al measured a value of about 10%. One should point out here 

tnat it is not only the quantum efficiency of the photomultiplier 

ust(i that is important., but also a collection efficiency of the fast 

p.TOtOcieCtrOllS originated from UV photons, that plays an important 

role. Yoszynski. et al (11) have found strong differences, of up to 

a fzctor of 3, in the collection efficiency of fdst photoeltzLrons 

for two types of photomultipliers. (High collection efficiency was 

ObLained with the Phillips XPZC2CQ phaiomultlplier). 

The crucial check performed on the crystal number j (,dith the 

higheEL dose), was to compare the response to the 511 ka:J gammas from 

irraaiated and non-irradiated parts of the crystal. The first 

pos1cion was in the middle uf the irradlatta spas tie 6.3 mm off the 

center) and the second, symmetrically on the other side of tnc 

crystal (Fig. 1). To correct for asymmetry effects in the 

pno~omultipl~er response (of the order of 2-5s) m~surements Pier-e 

repeated with the crystal rotated by iao degrees. The first 

measurements were made 7-a weeks after the irradiation ‘dltn no 

eviaznce of radiation damage found in either the fast or slow 

zompontnts of tne light output. This 15 ij1t.h a 1% measurement 
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precision 

ileasurements on radiation hardness of aaF* used as UV 

transmitting windows were aone some time ago (20). After irradiation 

with 1 and 2 41eV electrons to doses of up to 2x10' Rads, only a 'WI-Y 

smali mange In transmission properLies of 3aF2 windows were 

observea. It should be pointed out here that in the case of 

sclntlllators I’&a:htlOn i-ffc.Xs are first see" in the transmission 

properties of tne material ana not in the scintillation process 

1Lself. For example, in the above mentlonea cases of WC (3) and 

Ce2Cj gihss (81, a shift I" the short wavelength transmlssio" eogt 

towards longer wavelengths was mainly observed. An apparent decrease 

in Lhe scintllldtlon yltld resuits, due to lncrtased self-absorption 

of the scintillation light. 

Rectntly we have obtained d spectrophotonetsr and have thus been 

3,Slr to Co transmission tests of the EaF2 samples. Results obtained 

six months after the irradiaLion, are shown in Fig. 4. Transmission 

C"P"l5S were measured I" the irradiatea spot of Crystal 3 and in the 

symmetrically placea "onirradihted region. The monochromator beam 

was solllnated to 2.8 mm in aiamectr. ka observed d small difference 

I” transmission, of about 0.55, in the region from 240 run and up. 

This couia be aLLributed to SySte:matlC meaSuremt"t errors, thOUgi3 it 

is consistent with the results of the above wntioned study(ZO). 
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3) SUMMARY 

Fr,om our “one exparlmental point” measuretntnt it appears Lnat 

aaFE is Lhe most radiation hard scintlllator in Lhe literature. aut 

as ln the case of BGO Crystals, studies performed with the large-size 

long crystals (j-7) have found that they are mucn more sensitive to 

accumulated radiation doses than previously expected from 

neasuraments aone w1t.h small samples (3). Thus the results presented 

here, obtained vlth small z-ystals of 3aF,, shouid be consiaered Nily i 

as a serious indication of the radiation hardness of this material. 

Also our measurements were made sofie time after irradiation and Lhus 

we were insensitive to damage with a short recovery time. 

To further study r,aaihtion hardness of 8aF2 we are presenLly 

preparing a series of tests in collaboration with Idaho National 

Engineering Laboratory. The samples of JaF2 crystals of different 

sizes will be irradiated in gamma and neutron beams. 
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FIGURE CAPTIONS 

Figure 1. Exptrixntal arrangement to test the irraaiatea crystals 

in the gamma-gamma coincidence geometry with a second 

BaF2 aatector. 

Figure 2. Result of the radioactivity scan in the crystal 

number 3 as measured in the geometry of Fig. 1. 

Figure 3. Crystal #3 pulse-height spectra for 511 keV photons. 

The photons were collimated in the center of the irradiated 

spot: 

A) Total light output, 

B) Photcpeak only; 

C) Fast component, and 

D) Fast component photopeak only. 
The energy resolution for the photOpeak 
in the fast component is 25% FLiHM. 

Figure 4. Trsnsmlssion curves measurea in the center of thi irradiated 

spot and in the nonirradiated region of the crystal #3. 
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